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ABSTRACT 


The purpose of this analytical study was to develop use- 
ful computer models, using the Numerical Electromagnetic 
Code, for the VHF omnidirectional tactical antennas in the 
current inventory of the U.S. Marine Corps. The approach was 
Mmemcevelop two basic models, one representing the RC-292 
ground plane antenna, the other the MRC-109 vehicle mounted 
antenna system. With the solution of the current distri- 
butions on each of the models, calculations were made to 
Maat yze the impedance, gain and the associated radiation 
patterns for each of the antennas. Operation of these 


antennas over dissipative earth was also investigated. 
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I. INTRODUCTION 


A. BACKGROUND 

All that is necessary for an individual to become acutely 
aware of the rapid advances being made in modern military 
Meaponmy wand technology, is to listen to their favorite news- 
cast or read their chosen periodical. Weapon accuracy, to 
point targets, and the destructive capability of these wea- 
Bens, has reached a point that consideration of "first round" 
elimination or neutralization of a designated target is no 
longer reserved for the research community but must be in- 
muaccs in the formulation of policy for military tactics. 

To be effective, the fighting force of the future must be a 
dynamic adaptive combat organization. The Commander of this 
force must be able to make correct and timely decisions, that 
Teme thoccions Of a continuously changing combat environ- 
foes the command must in turn be able to respond to these 
directives in a timely manner, or this force will cease to be 
effective. This response is contingent on the ability of the 
force to be able to react rapidly. 

The Mobile Command Concept (MCC) [1] formulated at Naval 
Oceans Systems Center (NOSC) directly addresses the realis- 
mes DOSSibility of a tactical command operating in an intense 
Piemuethnal enemy environment. The result of this study is, 


that to be effective and to survive, in order to successfully 


dc 





complete all assigned missions, this command must be mobile. 
It cannot be hampered by unwieldy structures that house 
Pepmesticaced command, control and fire direction equipment. 
Married to these large structures are sufficient numbers of 
directional antennas that, correlated with the command 
Structures, result in an accurate assessment of the size, 
moe and Composition of the unit. 

iiemisc Ormarserrbuted systems and the application of the 
morally expanding technology in this area, has been pro- 
mesead as a solution to the dilemma faced by the commander 
who desires maximum information, without having to sacrifice 
eetecote wor tacttcal mobility [2]. {ft would therefore be 
Meeotble, with a highly mobile infantry unit, to run the 
Gommand from the back of the jeep or similar vehicle, with 
only one or two radio systems. The judicious use of 
mimoutlage and the inclusion of distributed system techni- 
ques, would allow the commander and his staff to be dispersed 
without suffering the loss of any tactical capabilities. 
Subsequently this unit would be effectively obscured against 
meant, Sound and infrared from all directions, including the 
Oar . 

Hinged upon this concept is a fluid, dynamic communica- 
tions system, unspecified in time as to direction. Choices 
Gmeene types Of communication equipment to use are still 
being investigated. Once these alternatives have been con- 


Sidered, the present choice of an antenna system to use can 
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be narrowed down to only a few. Because of the mobile 
scenario envisioned, these antennas must be omnidirectional, 
where coverage in all directions is required for warning or 
intercept functions. It is therefore necessary that an 
analysis be conducted on the performance characteristics of 
the antennas presently in use. What effect the structures 
that these antennas are mounted on, have on the performance, 


must also be realized. 


Eee OBJECTIVES OF THE ANALYSIS 

The objectives of this report were to investigate the 
performance parameters of two basic VHF antenna structures, 
the RC-292 ground plane antenna and the mobile radio system 
antenna referred to in this report as the MRC-109. The 
MRC-109 utilizes the antenna, AS-1729, mounted on a M-151 
vechicle chassis. Thin-wire computer modeling techniques 
were used to calculate a solution of the current distribu- 
tions on each of these models. From these distributions, the 
input impedance, the gain and the associated horizontal and 
vertical radiation patterns of the antenna were obtained. An 
investigation on the effects of lossy earth upon these 


antennas was also conducted. 


See METHOD OF ANALYSIS 
Pw computational Complexities 
There are a number of techniques that allow one to 


mrleulate the characteristics of an antenna. Except for very 





Baste dntenna Configurations, the classical approaches, such 
as using conventional geometric descriptions and infinitely 
Pongeline e€harces, where the potential and fields can be 
exacmmy Calculated, would result in a very complicated 
Mearnematical procedure for arbitrary configurations such as 
a jeep. Fortunately, there are computer techniques that use 
Greece integration or summing techniques, to obtain satis- 
factory results in accuracy and usefulness. Two basic tech- 
niques can be used and their employment is dependent on the 
mezewOr the structure and its shape, relative to a frequency 
mange OL interest. 

ite timst Ofethese 15 the geometric theory ofdiffrac- 
tion (GTD). The GTD method is used to determine the effects 
Ome tne far field patterns, the gain of the antenna, due to 
obstacles and scatterers that surround the antenna at dis- 
Mmemees that are large relative to the wavelength. This is 
basically a ray optics technique, involving the reflection 
from surfaces and two basic diffraction mechanisms, edge 
meetraction and curved surface diffraction. When the 
wavelength increases (frequency decreases), or the size of 
the structure decreases, and/or the source of the energy 
Becomes distributed, this technique no longer provides 
@eetnate answers. For the size of the antenna structures 
being analyzed, this technique 1S most appropriate in 
imsedueney ranges in excess of 500 MHz. However, since the 
frequency range that is of interest is between 30 and 75 MHz, 


E@emnext technique was the one that was used. 
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The second technique, the method of moments (MOM), 
reduces the functional electromagnetic field equations to a 
Set of equations that can be handled in a straight-forward 
fashion using the matrix manipulation on a digital com- 
puter [3]. This method is used for modeling the antenna 
and its immediate environment including nearby structures 
and antennas, up to a wavelength. This technique gives the 
impedance of the antenna and the current distributions on 
the antenna and nearby structures. From the current dis- 
tribution and impedance, the gain and patterns may be found. 

The method of moments technique used for this analy- 
Sis was contained within the Numerical Electromagnetics Code 
(NEC). The NEC program was developed at Lawrence Livermore 
Laboratory for the Army, Navy and Air Force. It is based on 
previous antenna modeling programs, such as AMP, the Antenna 
Modeling Program. It employs MOM solutions and provides 
Improved performance estimates of antennas mounted on ships, 
mrerart and Spacecraft or on the earth's surface. 

Aeeoecomeurical Parameters 

A spherical coordinate system was used throughout 
the calculations. For the antenna systems used, it was 
Mmeeessary to observe the patterns generated in the various 
Bpmerical planes. An example of the system used is shown 


on the next page. 
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Peeanecxampre, if the antenna under test was oriented along 
the z axis with a ground plane parallel to the xy plane, the 
azimuthal or horizontal angle of rotation, ¢ {phi), would be 
measured from the x axis in degrees. Similarily, the zenith 
Or vertical angle, 9 (theta), would be measured from the z 
axis downward toward the xy plane. A basic understanding of 
this is essential to an interpretation of the patterns 
obtained. A cross-sectional slice of the volume traced 
Within the hemisphere will give a principle radiation lobe, 
which may not be symmetrical. Additionally, the secondary 


lobes can be observed. 
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3. Ground Influence 

Micewamcennasperhormance characteristics; especially 
the directive properties it exhibits, will be considerably 
influenced by the conditions of the earth beneath the 
antenna. This influence is proportional to the height of 
the antenna above it. A radiated field from an antenna is a 
result of the combination of the direct and reflected waves. 
Mitemerrect of the ground will be to alter the radiation in- 
Memsity Of the pattern for a particular vertical angle. fhe 
method of evaluating the impact of lossy earth on the pat- 
terns generated, which was used in this computer analysis, 
was the Fresnel's reflection coefficient approximation pro- 
vided in the NEC program. This approach was used since the 
antenna elements, for both systems, were greater than .l 
wavelengths above the surface of the earth. This method 
also conserved computer resources in time required for 
running the programs. A more exact method, the Sommerfeld / 
Norton method, is available in NEC however, this requires 
about 20 per cent more time to run. The Sommerfeld / Norton 
method was used for a sampling of computer runs for the 
RC-292. The results obtained were compared to similar runs 
using the Fresnel method. There was no appreciable dif- 
ference between the two. Therefore, the estimated gains 
expected for this extra time were not substancial enough to 
warrant using Sommerfeld. The ground conditions evaluated 


were taken to represent what the antennas would be expected 


any 





to be operated over. The associated ground constants (epsilon 
and Sigma) were obtained from the CCIR referenced and are 


listed below [4]. 


Ground PaAeLeetr ic 
Type Constant COMaUe £ lal ty. 
(epsilon) (sigma) 
Wet Ground 30 (els: 
Pastoral 1S OS 
Snow/Desert 5 POOOEZ— 000s 


{t should be noted here that an analysis of the 
performance of the antenna systems over desert conditions 
feomnot Considered necessary. The similarity of ground 
constants between snow and desert (epsilon=3 §& sigma=.0001) 
made it impractical. Any of the results obtained for snow 


are felt to be applicable to desert conditions. 
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Ti. RO-292 ANTENNA SYSTEM 


A. BACKGROUND 

The RO-292 is an omnidirectional, VHF lightweight tacti- 
cal communication antenna. It is presently used for broad- 
Casting and net operations within the Marine Corps. This 
antenna 1S primarily used for medium range communications 
(3 - 20 km) with the individual transportable radio systems. 
As this antenna operates over a wide VHF frequency range 
(30 - 75 MHz) without any compensating coupling networks, 
it is necessary, as directed, that this structure be recon- 
figured each time it is used within one of three designated 
frequency ranges [5]. Each time that an operating frequency 
immasstpned that transits from one range to another, it is 
necessary to disassemble and reassemble the antenna elements. 
Close monitoring of the antenna configuration is necessary 
when it is used in an environment of sequenced frequency 
Changes. <A mid-band constructed antenna, operating outside 
of this band, has been known to occur in a tactical environ- 


ment [6]. 


Pm OBJECTIVES 
The objectives of this portion of the thesis were to 
correctly model the RC-292 antenna and to determine the 


related performance parameters and radiation patterns. If 





Duomanceimdeisete be WwSsed in a distributed network system, 
in a tactical environment, it was necessary to learn: 

(1) The directive and power gains for selected configura- 
tions of the antenna. 

(2) The effect of constructing the antenna for the mid- 
band range and operating it through the entire range. 

(ojmethe ettects of=selected fanite ground conditions. 

(4) The horizontal and vertical radiation patterns asso- 
Siated With each configuration. 


(jeune eftece of Teducing the operating height. 


mee OCOPE AND LIMITATIONS 

iivewstandard RC-292 as presently used has the following 
features: 

(1) A mast mounted vertical monopole of variable seg- 
Memced length (operating frequency dependent). 

(2) <A three element ground plane each of variable 
segmented length with 120 degrees separation. The ground 
plane is at an angle of approximately -56 degrees from the 
iteori zontal. 

(3) A ceramic feedthrough insulator socket, MP-68, for 
mounting the antenna elements. 

(4) Standard height above ground: 9.14 meters 

(5) Operating bandwidth: 30 - 75.95 MHz 

(6) Resonant frequency of operation for quarter wave- 


hone th : 
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Subopanas!  (o0-56-5 MHz): EB aro ollaez 
Sub opanael! 9 560.5-50.5 MHz): 43.18 MHz 
Sub-Band III (50.5-75.95 MHz): 63.05 MHz 

Details of this configuration are shown in Figures 1 
amd 2. 

At the commencement of this study it was decided that 
some source of comparison was necessary to ensure close 
approximation of the computer model with the actual antenna. 
As no sufficiently accurate reports, with the necessary data, 
were known to be available, an actual antenna was obtained 
from personnel at Fort Ord Army Base. 

There were few limitations placed on the development of 
this model, as this was a straightforward analysis of a 
basic tactical antenna. Where the analysis necessitated an 
assumption was in the determination of the characteristic 
impedance of the cables and radios used with this antenna. 
Both of these were assumed to have a characteristic impe- 
dance of 50 ohms. Mismatch losses were assumed not to 
occur between the cable and the radio. If any mismatch 
existed it was to be between the cable and the antenna. The 
differences in the transmission line losses between the 
ideal system modeled here and actual antenna were not con- 
Sidered. 

The scope of this section includes: 

(1) A comparison of the computer model and the actual. 
ee scOMparisom of the correctly configured antenna 


Structure as detailed in the technical manual (TM configuration) 
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Figure 2 Structural Geometry RC-292 
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with the mid-band (II) configured structure that is operated 
over the total operating range (Troop configured TC). 

(3) <A comparison of the directive and power gains of 
these two conflicting configurations TM vs TC, evaluating the 
root-mean-squared (rms) values of the gain for a bandwidth 
of 20 degrees the horizon (theta from 90 degrees to 70 degrees). 

(4) An evaluation of the effects of lossy earth on 
the radiation patterns. 

fees econpartisoen ot the radiation pattern of the 
technical manual configured at the height of 9.14 meters 
With a reduced height of 3 meters, over a nominal finite 
eneund . 

The structures were analyzed at four distinct frequencies 
in a wide frequency range, representing a small sampling of 
the complete system performance. A probabilistic total sys- 


tem analysis was not within the scope of this paper. 


D. ANTENNA ANALYSIS 
ieee Mathematical Model of Antenna 
The equivalent circuit of a short whip, monopole, 
antenna is shown below: 
C, Ie 
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where: R., = source (generator) internal resistance 


1 

R, = effective series loss resistance due to fear 
loss in antenna conductor, ground return losses, 
Aitmcchocunte. 1OSSes 

Re = radiation resistance for vertical antenna 

Cy = base shunt capacitance 

C, —Ncttcetive antenna Capacitance 

L = antenna inductance 

Vy = rms voltage at base of antenna 


In a half-wave or quarter-wave monopole operated at 
VHF frequencies the power lost as heat in the conductor 
a R2) does not exceed a few percent of the total power 
mmobred £6 the antenna. The r.f. resistance of a copper 
conductor is very low compared to the radiation resistance 
Siam antenna that is clear of surrounding objects and not 
close to the ground. Therefore, it was assumed that the 
Samic iloss, Ro; enc etolblceand tndt aidnonm tne tresis tance 
Shown by the antenna is radiation resistance, Re =) iesina 

NOmcOMpuce tne radrated power (P rad) of the antenna, 


moma tunetion of frequency, it was necessary to examine I.,as 


2 


> x R rad 


P rad = I[ 


Pomsider two possibilities: 
Case 1. The base shunt capacitance, Cy 2s nec liore ie 


mer this case t, rs simply, 
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ee eae IHL 2G /wC,)) 
Noting that the antenna input impedance, 
Zin = Rz + jwL - (j/wC,) 

and defining antenna resonant frequency as 
wice= 1 / (YC, ) 

meocults in an input impedance of 
Zee = W C, Re + Gee - 1) 

Noting that at resonance, w = wr 
Zin = w C, Rz (purely resistive) 

and the radiated power is 


P rad = (V, / Zin)” x R rad 


Case 2. The base shunt capacitance is significant and 


anfluences the antenna performance. 


meee aj we) // (R, * jwh - (j/wC,)) 
Vive = [ ((w/wr) *-1)-jw°C, CRs] / [wC,R.-j((w/wr) “-1+wC,)] 


which shows even at resonance, w = wr 


eZ 
Zin - (-jw C,C,R-) y (wC,R.-jwC, ) 
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eapadertaye loading will result. Total available radiated 


Monemewill decrease as a result of decreased I proportional 


2 3 


to the increase of I, (1, = [ - I). The value of rT, 1s 


dependent on the value of C, and the operational frequency. 
For a large value of shunt capacitance the antenna system 
ieee Not be resonant. 

It should be emphasized that it is not easy to 
determine the values of the elements of the equivalent cir- 
cuit of the monopole, even with accurate feed-point impedance 
(Zin) data. These depend on variable parameters, as antenna 
mement. treqicency Of interest and the dimensional quantities 
of the structure (length to diameter ratio). Even if a 
perfectly matched resonant antenna was used to determine 
the radiated power from a given input power, so that the 
antenna efficiency would be known, it still would be neces- 
eeweto make an estimate of the directivity of the antenna, 
to determine the power gain for a particular zenith angle. 
Pees theretore necessary, faced with the difficulties of 
theoretical computations, to devise a data analysis techni- 
que that would couple empirical and numerical approaches. 

2. Actual Antenna Testing 

There is no compensating coupling or matching unit 
associated with the RC-292 antenna, therefore it was 
necessary to determine the input impedance of the antenna 
system. A precise method of measurement consists of cal- 


culating the electric and magnetic fields at all points of 


ae 





the antenna and then integrating these. It 1s then possible 
to know the real power and the reactive power at each point 
Miepyetneegratrion, the total resistance and reactance can 
be obtained. These calculations are quite complicated and 
mise be made for variable frequencies. To remedy this pro- 
blem an empirical solution was invoked. 

liempcuablesto use results from any developed computer 
model with some certainty that these reflected the actual 
Moeenating Characteristics of the antenna, an acutal antenna 
was tested. The test facilities at this school were used 
mecheameantenna obtained from Fort Ord. 

The measurement principle was very straightforward. 
The equipment was set up as shown in Figure 3. The reflec- 
tometer was used to derive samples of the incident and re- 
flected waves, V+ and V-, and these were then processed by 
the vector voltmeter. This displayed the rms values of the 
fweond B channel voltages and the phase of Vb with respect to 
wae Thus the load reflection coefficient was easily calcu- 


lated as, 


§ = Vb / Va < $6 


and the load (input) impedance was then found from the 


metation, 


Pie 2G xX [| 1+5)/ (1-8) ] 
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Figure 3 Antenna Impedance Measurement 
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faemeecomis the characteristic impedance of the line. The 
adjustable reference line was present to compensate for the 
difference in path length for the samples of V+ and \V-. 

The dimensional configurations used were the same as 
shown in Figure 2. The variable parameter considered was the 
frequency. This dictated when an antenna configuration would 
be changed, e.g. when the frequency tested changed from 55 
MHz to 40 MHz, the structure was changed to conform with the 
guidance in the technical manual. This was done except in 
Miencase when the "Troop" configuration was tested. This 
"field version" antenna was constructed for sub-band II and 
Operated from sub-band I through sub-band III. Both 
Pentigurations, tech manual TM and troop TC, were tested 
with the actual data recorded, shown in Figures 4 and 5. 

The results of the data indicated that a value of capacitive 
mem@etance was acting upon the system, preventing the antenna 
from attaining a resonant value une resistance). From the 
mathematical analysis previously presented, the indication 
was a problem existed with an inordinate amount of input 
Shunt capacitance. Further measurements were taken after 
totally disassembling the antenna, leaving simply the 
antenna support and the antenna base, MP-68. As shown in 
mmeure 6, the MP-68 has a ceramic insulator as a structural 
Support, separating the antenna vertical feedpoint with the 
ground plane support. It was calculated, using the below 


maple of results, 
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TECH MANUAL CONFIG 
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ao «Il OL 2 Oe as) 110-7040 
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Figure 4 Actual Tested Antenna Input Impedances: 
Technical Manual Configuration 
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Figure 5 Actual Tested Antenna Input Impedances: 
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Figure 6 Antenna Base, MP- 68 
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that the antenna base was adding approximately 27pfd of 
@apacitance to the antenna feedpoint. This was the same 
Situation, which has been shown in the mathematical analy- 
sis, resulted in a non-resonant antenna. This was indeed 
the case in the RC-292. The MP-68 was preventing the 
recommended configuration as outlined in the technical 
manual, from being resonant. 

Hitiethe plysical ana ampedance characteristics 
determined, it was now possible to construct the computer 
Mew model and compare the results. 

53. Computer Model Development 

The important design considerations that were 
necessary to follow in this computer model development were 
the antenna segmentation size, the radius of the segments 
and the proper geometrical model. For wire modeling of the 


antenna, the main electrical consideration is segment length 
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fleltay relative to the wavelength (lambda A) [7]. For 
accurate results, delta should be less than approximately .1 
mambda at the desired frequency. the wwares radius, “a”, 
relative to the wavelength, is limited to the approximation, 


Bhat the relationship of, 
(27 a )/ lambda} << 1 


must hold for the antenna configuration. Peine et ae ce solide 
lines, the antenna was modeled at a reference frequency of 
foeMiz ws shown in Figure 7, with the three antenna confi- 
gurations shown. The segmentation used is illustrated by 
the small arrows. <A sample of the geometry structure data 


msed to create these models can be located in Appendix C. 


4. NEC Computer Model vs. the Actual 

A comparative data analysis was done between the NEC 
Medel and the physical antenna. The input impedances that 
were obtained from the NEC program calculations and the 
meplt impedances that were obtained through the actual tests 
Siecne antenna were plotted on Smith charts. The MP-68 input 
Beading ot 27 pfd was added to the computer model. Plots of 
mice impedance loci are shown in Figures 8 through 11. From 
the comparison of these plots, it was clear that an acceptably 


mecurate model for each individual configuration existed. 
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(freq in MHz) 


Figure 8 Comparison of Impedance Coordinates for 
Technical Manual Configuration: Sub-band I 
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Figure 9 Comparison of Impedance Coordinates for 
: Technical Manual Configuration Sub-band II 
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Figure 10 Comparison of Impedance Coordinates for 
Technical Manual Configuration Sub-band IIIf 
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Figure 11 Comparison of Impedance Coordinates 
HoOuminoep eOnmELgination (50-75 "Mriz ) 
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eee RC-292 ANTENNA PERFORMANCE CHARACTERISTICS 

Antennas have such unusual current distributions and 
complex fields that field characteristics are usually ex- 
pressed in terms of performance relative to a hypothetical 
isotropic radiator which produces the same radiation inten- 
Sity in all directions. This "measuring stick" was used 
throughout the remainder of this thesis for comparing the 
properties of the antenna system. These properties were: 

(1) Directive gain comparison between the technical 
manual and the troop configurations. 

(2) Power gain comparison of these configurations where 
the structures are positioned over perfect and lossy ground. 

(3) Comparison of the radiation patterns, both horizon- 
Ebeand vertical, generated by these configurations. 

(4) Effect on the gain and patterns when the height of 
the antenna was reduced from 9.14 meters to 3 meters. 

i Directive Gain, 

The directive gain of an antenna is a measure of the 
field strength of power density for a given directional area. 
That area of interest for this analysis was from the horizon 
to an increased elevation angle of 20 degrees. The directive 
gain calculations neglect any losses in the structure from 
mismatch. A plot of the average directive gain resulting from 
the model calculations is shown in Figure 12. As can be 
readily seen without consideration of mismatch losses, there 


appears to be very little difference between the two 
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Pwyorweatembirceraye Gain: 


mucure 12 





PoiiermoirattoOno. | Iiis was expected considering the similarity 
SE function, monopole radiators. 
2. Power Gain 

The power gain of an antenna is a similar measure of 
mae tield strength for a piven directional area but this 
@alculation takes into account the efficiency of the parti- 
cular antenna. These calculations consider the loading and 
mismatch losses associated with the antenna structure. As 
meme 1S sillustrated, there was an appreciable difference 
mewevecn the two configurations. these calculations indicated 
there was as great as 10 dB difference between the TM and TC 
Configurations for the low range of operation. There was no 
[ene hence, as would be expected, in the mid-range, since 
this is the designed range of operation for this particular 
Configuration. Figures 14 through 16 illustrate these 
differences in average power gain over the area of interest, 
20 degree bandwidth. The particular configurations were 
analyzed above the three ground conditions. The height of 
the antennas when calculations were made was set at the 
normal operating height, 9.14 meters. The results indicated 
that there existed very small differences, 1 dB, for the 
technical manual configuration for the ground considered. 
An average overall power gain of approximately 2 dB resulted 
memechis configuration. The "troop configuration" varied 
approximately 2 dB between the ground conditions. However, 


the average overall power gain was -5S dB. 
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ee ccoeoelonemed & CCGns 

Popcidemecomtains a2 complete set of the radiation 
patterns generated for the conditions analyzed in this study. 
It was determined from the radiation patterns generated, as 
a result of the computer runs, that the RC-292 was indeed 
an omnidirectional radiator. An example of, one of’ the 
horizontal patterns generated within this "look area" is 
Shown in Figure ee With an omnidirectional antenna, sym- 
Metry with the vertical pattern would be expected. To verify 
this, patterns were generated. In the development of the 
computer model, a ground element was oriented along the 
y axis (¢ = 90deg) and the other two ground elements were 
spaced 120 degrees apart (> = 210deg and 330deg). A compari- 
son of the vertical patterns, where a ground element was 
present, > = 90deg, and where there was not, > = 180deg, 
pointed out that the RC-292 radiation patterns appeared to 
be quite symmetrical in the vertical plane. This is shown 
mmecomparing Figures 18 and 19. Therefore, only one verti- 
cal "cut" has been included in the Appendix for each para- 
meter analyzed. 

Paci umea Tadiattom pattern for the “troop” confi- 
BMration 1S shown in Figure 20. The power gain losses 
associated between "troop" configuration and the technical 
manual configuration at the low range of operation can be 


Meagily extracted from comparing Figures 20 and 18. Here 
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at 30 MHz, the power gain differential was 10 dB between 
configurations. 
4, Height Variations 

An examination of Figure 21 showed "lobing" of the 
pattern when the antenna was operated at 75 MHz for the 
normal height of 9.14 meters. The number of lobes can be 
iurectiy attributed to the height of the structure above the 
ground and the frequency of operation. The principle of 
images can be applied to a vertical antenna in the presence 


of earth as shown below. 


The amplitude of a vertical antenna's radiated pattern is 


proportional to: 
m(z) = 2Zcos [((2th)/lamba) sin z|] 


From this relationship, it was noticed that as the height of 
the antenna was decreased, or the separation of the antenna 
from its image was decreased, then the radiation pattern 
diagrams would consist of progressivley smaller numbers of 
Bebes. A comparison of Figures 21 and 22 illustrated that 


this was indeed the case. As the antenna operational height 
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was decreased from 9.14 meters to 3 meters, the number of 
lobes per octant decreased from 4.5 to 2. Included in 
Appendix A was a set of patterns generated when the antenna 
was operated over snow at a elevation of 3 meters. A 
meduction in operational height for the TM configuration 
over lossy earth resulted in a decrease in power gain of 
approximately 3 dB. Additionally an increase in the angle 
of maximum radiation of 10 degrees, from 10 degrees above 
Mie snhorizon to 20 degrees above the horizon, resulted. 
Contained in Appendix A are sets of directive and 
power gain radiation patterns for the azimuth plane 10 degrees 
above the horizon. Vertical patterns for the elevation plane 
at an azimuthal angle of 90 degrees has also been included. 
Each set constitutes a sampling of variable parameters for 
frequency, ground conditions and height. The estimated gain 


from these, for some parameter of interest, height, frequency, 


Somriguration, can be rapidly realized. 


meeOUTLINE OF RESULTS 

itte results of the analysis indicated that: 

(1) The RC-292 was a symmetrical, omnidirectional 
antenna. 

(2) The mechanical or structural support for the antenna 
Beeement, the MP-68, inhibits the performance of the correctly 
Configured antenna (tech manual) by a factor of from 0 to 


Sed B . 
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(3) <A mid-band designed antenna operated outside its 
mimrect range Of Construction, "“troop'', resulted in an 
appreciably worse performance, -10 dB. This configuration 
should not be considered in any distributed system network. 

(4) The ground beneath the antenna produced a variance 
meom | to 3 dB loss, from ideal, for a given directivity. 

ee line heteht of stme antenna did effect the radiation 
pattern where the recommended operating height was 9.14 
meters. 

Docmintondl iy. replacemence Of the Ceramic material for 
the MP-68 with another dielectric material would have to be 
Garefully studied. The ceramic material for the MP-68 has 
the following attractive insulating properties: [8] 

(1) high mechanical strength (when properly used) 

(2) high weathering and corrision resistance 

(3) low permeability to gases and vapors 

(4) excellent temperature stability 

(5) low dielectric loss 

(6) high dimensional stability 

Sener insulating materials that may be considered to 
Teplace the ceramic bowl in the MP-68 may not possess these 
Same weathering characteristics. Based on the findings in 
this study and the effect the input shunt capacitance has on 
the antenna performance, close scrutiny of replacement 


materials is recommended. 
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Piven CaLOO VEHICLE MOUNTED ANTENNA 


A. BACKGROUND 

A relatively light-weight tactical vehicle configured 
radio system is one of the most important elements in a 
rapid mobile communications scenario. Light-weight and 
meerical implies that this system must be capable of being 
meee litted, helo lifted, sea lifted, driven or parachuted 
into any possible terrain condition and upon arrival 
functioning immediately for the Commander. 

An understanding of the operational parameters of the 
antenna that is used with this communication system is 
essential for ensuring constant reliable information ex- 
Change. The effects of the antenna positioning on the 
vehicle, of the vehicle structure, and of the ground beneath 
the vehicle, have upon the pattern generated require to be 
realized. The degree of antenna pattern degradation that can 
Bemwcoléeérated, depends largely on the characteristics of the 
system to which the antenna is connected. If the system 
functions by detecting nulls in the antenna pattern at some 
azimuth and zenith angle, the antenna null position and 
depth, hence the performance, may be a critical function of 
Pieewantenna. For a distributed network system, it is de- 
Sireable that the antenna radiate and receive equally well 
in all directions. Pattern degradation will definitely 


decrease the effectiveness of this system. 
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ieee OBJECTIVES 

item ceric sOretMis portion of the thesis were to 
merrectiy design a computer model for a vehicular configured 
VHF antenna system and to determine its related radiation 
patterns. The particular configuration that was modeled and 
1s referred to throughout this section, and the associated 
appendix, was the MRC-109. This configuration consisted of 
a vertically polarized monopole antenna, the AS-1729, mounted 
on a M-151 jeep chassis as shown in Figure 23. To use this 
configuration in a distributed communication system, it was 
Mecessary to learn: 

(1) In what manner a particularly configured vehicle 
feeeects the radiation pattern. 

meee bhevecttects of dissipative earth on the patterns 
generated. 


(3) Thin-wire approximation modeling effects. 


mee SCOPE AND LIMITATIONS 

iimeempossabile jeep contiocurations were modeled, having 
the following features: 

(l} The "Basic" configuration was the vehicle chassis 
modeled without having the windshield or canvas cover brace 
piployed. 

(2) The "Jeep" configuration was the vehicle chassis 
modeled with both the windshield and canvas cover brace 


employed. 
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Figure 23 MRC-109 YHF Vehicle 
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(3) The "Total" configuration was the jeep configuration 
married to its associated trailer. 

(4) The antenna used with all these configurations was 
me AS-1729, vertically polarized monopole, mounted in the 
Tight rear (viewed from the back) of the vehicle. 

(5) Effective antenna length: 3 meters. 

(6) Operating bandwidth: 30 - 75.95 MHz. 

(7) Resonant frequency of operation: 

for quarter wave: 23.75 MHz 
for half wave Ao re 

fo Operational half wavelength range: .3A-.8A 

maek OL SUtTic1ent time precluded an analysis of the 
antenna matching unit, MX-6706, that is an inherent conm- 
ponent of this antenna assembly. Validation tests of a 
Similar antenna assembly, AS-2731, using the AS-1729 as a 
mererence, indicated that the matching unit did perform the 
required impedance matching [9]. Therefore, it was assumed, 
as far as loading the model, that no mismatch existed over 
the frequency range of interest, between the antenna and the 
radio system. 

This report was intended to analyze a discrete sampling 
of representative vehicle configurations that could be 
expected to be used in the fleet. These structures were 
Beoeea Over four ground conditions, one ideal, non-realistic 


Operationally, and three conditions of lossy earth. 
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eee COMPUTER MODEL DEVELOPMENT 

One of the most severe limitations encountered in 
modeling structures surrounding an antenna, when the dimen- 
Eronal guantities of the model are proportionally related 
to the resonant operational wavelength, is in the deter- 
femation Of a correct thin-wire model. Replacing a solid 
@emaucting surface, such as a vehicle chassis, by a wire 
Srid structure imposes difficult assumptions on the design. 
An implicit assumption here was that sufficiently small 
grid openings will result in acceptably small electromagne- 
tic differences between the actual solid surface of the 
vehicle designed and the grid equivalent modeled in the 
Somputer. 

Siceprogram used, NEC, operates within the framework of 
Calculating a numerical solution for the integral equations 
of currents induced on the segments of the thin-wire model 
meen a voltage source [10]. Input structure data to con- 
figure the models was provided to the computer program by 
generating a segment numbering scheme, segment endpoint 
locations in space, and selecting an appropriate radius for 
the thin-wire segments. The models used were all designed 
and constructed at the highest operating frequency, 75 MHz. 
This was based solely on the premise that, as the frequency 
was decreased to 30 MHz, the models would remain effectively 
Peerate. the number ©f segments for the model would in- 


mecase relative to the wavelength size. The guidelines for 
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segment length were the same as those for the RC-292. At 75 
MHz, the segment length was chosen to be .381 meters. Around 
mye critical areas of the structure, the antenna feedpoint, 
the segment length used was .1778 meters. The model radius 
mas was Chosen to be .012/7 meters. 

Additionally, with these models a "Numerical Green's 
Function" capability of the NEC program was applied to make 
use of the structure symmetry. This option aids in reducing 
mone computer runs associated with large numbers of segments. 
iiesnumber of segments for each model and the average re- 


Saared Computer calculations time for that model, are shown 


below: 
Model Segments CPU Time (minutes) 
basic 191 25 
jeep Zaled St 
mwotal oF 43 


A representative sample data input for each model was 
included in Appendix C. The structure geometry data for each 
configuration was checked by generating a computer-drawn plot 
of the wire-grid models. These are shown in Figures 24, 25 


aig «20. 


E. ANTENNA PERFORMANCE ANALYSIS 
In analyzing the performance of the variously constructed 


vehicles, the antenna input impedances were examined as a 
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measure of the accuracy of the models. A comparison was 

made between the results of the NEC programs for each struc- 
Mere as shown in Figures 27, 28 and 29 and the theoretical 
values for cylinder antennas evaluated by Hallen, as shown 
maeeicures 50 and 31 {11]. The analysis line labeled 200" 

on these graphs should be used as H/a, length to radius 

mato, tor the vehicle was 236. The arrows indicate the dis- 
Mecte frequencies used in NEC. An exact comparison was diffi- 
cult as the vehicle antennas were evaluated only at a few 
Easerete frequencies over a large frequency bandwidth, 45 MHz. 
However, a substantial correlation in function shape was 
apparent between the theoretical performance and the computer 
model. Additionally, the current induced on the antenna was 
feemced for the “total'' configuration operating at 50 MHz. 

The radius of the vehicle chassis, not the antenna, was varied 
to compare the effect on the antenna current. The results are 
Stown in Figure 32. This plot contains the correct current 
distribution for a .3 wavelength antenna. From this figure 

it was deduced that a source of error encountered in the 
thin-wire modeling of structures came from obtaining an 
weproximate solution for the currents actually flowing on the 
structure. It was realized, as the models were developed, 
that as the segmentation increased (models became larger), 
that particular models were limited to a selected bandwidth, 
outside of which, the numerical results obtained became 


inflated. It was also learned that a design can not simply 
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Figure 30 Antenna Resistance According to Hallen 
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Figure 32 Antenna Current Distribution at 30 MHz for 
Tides seomtronnration With Chassis Radius 
Varied (antenna radius=.0127m) 
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invoke one model for a configuration and expect totally 
accurate results when this model spans a greater than 2:1 
frequency range. Accuracy can also be closely approximated 
by calculating the average gain of the structure. The aver- 
age theoretical gain over a hemisphere, as the vehicle was 
modeled over perfect ground, would be 2.0. These calcu- 
lations require enormous computer assets and time for com- 
meee structures. The most complex structure the "totai” 
jeep and trailer was the only structure tested. The average 
eaam Calculated at 30 MHz was 2.5036. These results indi- 
cated that the models were acceptable and functional appro- 


Ximations for the actual configurations. 


F, ANTENNA PATTERNS 

Appendix B contains sets of power gain radiation patterns 
merecne three vehicular configurations generated from the 
pmaeysis of the programs that were run. These patterns were 
Or four discrete frequencies calculated over perfect ground 
ana three operational conditions of dissipative ground. A 
Semolete systematic statistical analysis of the vehicular 
performance was not accomplished due to the inavailability of 
adequate Ponpater resources and the time involved in such an 
undertaking. Figure 33 shows a maximum power gain compari- 
Semeor the three configurations operating over significant 
ground conditions. A fixed radiation angle, 20 degrees, was 


pewected and the gain calculated at that point was noted. 
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Radiation Angle = 20 degrees 


Ground Freq Basic Jeep Total 
(MHz ) (dBi) (dBi) (dBi) 
snow 50 il -2 =o 
41 1 2 3 
50 Z 4 2 
iS Z 2 Z 
past 30 0 -2 0 
4) 1 0 4 
50 Z 2 3 
75 3 Z 2 
wet 30 2 Z 0 
41 3 3 5 
50 3 0 3 
iS 4 2 Z 


mroure 55 Maximum Gain For A Fixed Radiation 
Angle (9=70°) 


us 





heen thas Comparison it was deduced that the "basic" con- 
figuration resulted in less deviations of gain over the 
frequencies and grounds analyzed. 

Figure 34 shows the variances that resulted in the angle 

; 

of maximum radiation between the configurations. These 
figures indicated that there was a variance of as much as 
4 dB between configurations at an angle 20 degrees from the 
Morrzon. the configuration that indicated the least variance 
over the range of frequencies analyzed and ground conditions 
mauestigated, was the "basic" configuration. It also showed 
Meeminost desireable overall omnidirectional pattern. A 
@emeparison of the horizontal patterns of the three confi- 
merations in the appendix illustrated the sharp differences. 
meeure 35 clearly shows the nulls that occurred in pattern 
of the "total" structure. These nulls are a result of the 
destructive interference and reradiations from not only the 
trailer but also the canvas brace and windshied. Operation 
of the antenna system with the trailer attached therefore, 
would detract from the system performance. If this system 
must be operated with the trailer attached (commuting), then 
fading and distortion can be expected from any signal oriented 
along the axis eminating from the driver side of the vehicle. 
A decrease can be expected in excess of 5 dB with an arc of 


about 60 degrees. 
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Maximum Angle of Radiation 


Ground Freq Basic Jeep Total 
(MHz ) (angle deg) (angel deg) (angle deg) 
snow 30 Zs ZD 20 
4l 20 20 45 
Be ES iS 20 
iS ze es 25 
past 30 25 20 20 
4] ae 5 45 
50 ES eS 15 
iS 2D 20 20 
wet 30 20 acs 20 
4] aS Is 40 
50 15 45 Hes 
nS 25 25 a 


Figure 34 Angle Of Maximum Gain 
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IV. CONCLUSION AND RECOMMENDATIONS 


In this thesis an analysis has been presented for two 
antenna systems presently used by the Marine Corps. The 
utilization of these antenna systems, as currently con- 
Eloured in a distributed network plan, would place restric- 
tions on the flexibility of the network. Additionally, this 
menay has shown the applicability of the Numerical Electro- 
magnetic Code (NEC) as a cost effective means of analyzing 
the propagation characteristics of complex structures. 

Numerical, experimental and theoretical results were 
compared, where possible. Agreement was generally very good 
and this was interpreted as an indication of the accuracy of 
the models developed. 

The first of the antenna systems, the RC-292, was 
determined to be an omnidirectional antenna over the opera- 
tional range, 30-75 MHz. The aximuthal plane patterns 
Meo) deg) were within + 0.5 dB of being omnidirectional. 
The elevation plane patterns ($=90 deg) contained a nominal 
angle of maximum radiation of 10 degrees with a main lobe 
femee Of 3 dB. The efficiency of the correctly configured 
(technical manual) antenna varied from 100 to 44 percent, 
depending on the frequency used. 

fiewoverall Significant operational characteristics of 


the RC-292 are: 
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(1) The RC-292 would not be an effective or efficient 
antenna to use in any communication design that incorporated 
wideband frequency hopping techniques. 

(2) When operated at the maximum height of 9.14 meters, 
the gain and the radiation patterns where not appreciably af- 
fected by the condition of the earth beneath the antenna. 
Attenuation of the pattern will occur as the height is low- 
ered. Greater than 50 per cent of available radiated power 
can be expected to be lost when the antenna is operated at 
5 meters, reducing the range. The angle of maximum radiation 
will increase from 10 degrees to 20 degrees when the antenna 
1s lowered from 9.14 meters to 3 meters, additionally reducing 
the effective range. 

(3) Any deviations is constructing the antenna from the 
mecommended operational configurations outlined in the tech- 
nical manual would result in degraded performance. Construc- 
ting the antenna for mid-band operation and operating it 
through the entire possible range of the antenna system results 
in an 80 percent overall power loss compared to the technical 
manual configuration. 

The other antenna system analyzed, the VHF vehicular 
mounted antenna, was a more complex problem. The vehicle 
Chassis, upon which the antenna was mounted, caused reradia- 
tions of the power from the antenna, resulting in reshaped 
radiation patterns. Three possible vehicle configurations 


were studied at four discrete frequencies of operation over 
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three dissipative earth conditions. Geometrical symmetries 
were used to reduce the complexity and the computer run time. 
The azimuthal plane patterns for the recommended configuration 
Meverdasic configuration) varied within + 2 dB of omnidir- 
Pertonal. the elevation plane pattern contained a nominal 
angle of maximum radiation of 20 degrees. 

The overall operational significance of this analysis is: 

me) the configuration of the vehicle has a determining 
mipact on the overall radiation pattern generated from this 
antenna system. The recommended vehicle configuration would 
be the operation of the jeep without the the trailer attached, 
with the windshield down and the canvas brace off. Inclement 
weather would make this impossible, however, replacement of 
these items with dielectric material would eliminate this 
problem. 

(2) Operation of the vehicle with the trailer attached 
Should be avoided. Nulls in the pattern and loss of quality 
communications can be expected along the axis perpendicular 
to the driver, for an angle of 30 degrees either side of this 
Bees. 

(3) Degraded performance in the system can be expected 
when operating over snow or desert conditions. The condition 
of the earth has an effect on the performance, with as much 
as 40 percent loss in snow. 


The overall recommendations from this study are that: 
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(1) It is necessary, when using thin-wire modeling 
techniques for vehicular systems, that the segmentation be 
appropriately varied when the operational frequency bandwidth 
exceeds a ratio of 2:1. 

(2) Brass scale model testing should be done for the 
vehicle configurations to enable a correlation between the 
humerical results and measured results. 

(3) A probabilistic system analysis be done on the 
mampeular structures for a total performance understanding. 

(4) Modeling of these vehicles at HF frequencies should 
De accomplished using the Sommerfeld option within NEC, as 
Meemeresne] reflection coefficient option indicated inflated 
Mesults at the low frequency analyzed, 30 MHz. 

(5)  Follow-on antenna systems, such as the OE-254, 


should be analyzed with the same techniques outlined here. 
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APPENDIX A 
Contained in this appendix is a listing of the radiation 
patterns generated by the NEC computer analysis for the 
RC-292 sround plane antenna. The heading for each radiation 
Pattern contains the information necessary for the inter- 
Meetacion of the pattern. The first line of the heading 


Benctains the following: 


type antenna / type pattern (phi: horizontal). 


(theta: vertical) / plane of pattern 
ie second line contain the following: 
ground / configuration / frequency 


ittemtirst twelve patterns reflect the directive gain 
analysis, while the ramaining patterns are power gain 
calculations for the ground conditions annotated. 

The last twelve patterns are the results of the antenna 


performance over snow, at an antenna height of 3 meters. 
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APPENDIX B 
Contained in this appendix is a listing of the radiation 
patterns generated by the NEC computer analysis of the 
MRC-109 VHF vehicular antenna. The heading for each radia- 
tion pattern contains the necessary information to analysis 


Mrewpattern. The first line shows the following: 


type antenna / type pattern (phi: horizontal; 
mieta: vertical) / plane of pattern 


The second line shows the following: 
ground condition / configuration / frequency 


Mie first sets of patterns include the orientation of 
the vehicle when the patterns were generated. For the 
@emeerecal patterns, the arrows on the vehicle orientation 
indicate the "look" position of the observer to the vehicle 

ive sets of patterns are arranged for each ground condi- 
tion analyzed. Eachground condition sub-set contains the 
three vehicle configurations in packets of twenty-four 
Patterns per configuration. Within each packet there are 
Six patterns, three horizontal (phi) and three vertical 
(theta), for each of the four frequencies that were examined. 

The scale of each polar plot is referenced to isotropic 
and the scale used must be noted when interpretation of 
Plots is done. Note that for the horizontal pattern for 
lossy earth and theta equal to 90 degrees, the reference 


center point begins at -120 dBi. 
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ae Na. C 
s appendix contains a sample of the input geometry 


[eestor cach of the configurations in this study. 
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